We investigate the quantum discord of a two-qubit anisotropy XXZ Heisenberg chain with Dzyaloshinskii-Moriya (DM) interaction under magnetic field. It is shown that the quantum discord highly depends on the system's temperature T, DM interaction D, homogenous magnetic field B and the anisotropy Δ. For lower temperature T, by modulating D and B, the quantum discord can be controlled and the quantum discord switch can be realized.
Introduction
Quantum discord is a new physical quantity introduced by Henderson and Vedral [1] and (independently) Ollivier and Zurek [2] , which is used to quantify all nonclassical correlation systems [3] . The quantum discord is defined as the difference between quantum mutual information and classical correlation in a bipartite system [4] [5]. The calculations of quantum discord require minimization procedures, so the quantum discord is somewhat difficult to calculate and one cannot get the analytical solutions. It had been calculated explicitly only for a rather limited set of two-qubit quantum states and expressions for more general quantum states are still not known. However, for a family of two-qubit states, the quantum discord has been evaluated and analytical formulas have been obtained [6] . The explicit expressions for quantum discord have been derived for more general quantum states, such as the so-called X states. Quantum discord, entanglement and classic correlation are independent measures of correlations with no simple relative ordering [7] [8] . An extreme example is realized in the search of maximally discordant mixed states. It has revealed that states maximizing the quantum discord for given value of the classical correlations do not maximize the entanglement and are, in some cases, even separable [9] . Very recently, a reliable and effective algorithm for the evaluation of the quantum discord of the general twoqubit states is presented, where the optimization problem for the quantum discord is expressed in a compact form [10] . As is well known, the quantum entanglement of condensed matter systems is an important emerging field. Accordingly, several investigations of entanglement in thermal equilibrium states of spin chains subject to an external magnetic field, at finite temperatures, have been made [11] - [16] . Recently, some interesting works have investigated the thermal quantum discord in various Heisenberg models [17] - [21] . It shows that the thermal quantum discord is more robust than the thermal entanglement against temperature. Because quantum discord does not disappear at finite temperature, but at a certain temperature thermal entanglement completely disappears, so quantum discord is more practical than entanglement to describe quantum correlation. Taking the spin-orbit effect into account, the effect of Dzyaloshinskii-moriya interaction has been investigated by numerous works with various models [22] - [25] .
In this paper, we study the quantum discord in a two-qubit anisotropic XXY Heisenberg chain in thermal equilibrium in presence of a homogenous magnetic field with Dzyaloshinskii-moriya (DM) interaction, and discuss how the temperature T, DM interaction D, homogenous magnetic field B and the anisotropy Δ influence the quantum discord in such system. This paper is organized as follows: In Section 2, the Hamiltonian of the system is introduced and expression of quantum discord is given. In Section 3, numerical results are discussed. Finally, we conclude in Section 4.
Model and Its Quantum Discord
The Hamiltonian for a two-qubit Heisenberg XXZ chain in the presence of an external magnetic field and Dzyaloshinskii-Moriya (DM) interaction can be written as [26] ( ) ( ) ( )
where,
= are the vector of Pauli matrices, J is the coupling parameter between the nearest neighbor site, B is a homogenous magnetic field and D is the DM interaction which assumed to be along the z-direction. Also Δ is a dimensionless parameter characterizing the anisotropy of the model. For a system in thermal equilibrium at temperature T, the density operator can be written as ( ) ( )
 being the partition function and k being Boltzmann's constant (for simplicity one set k=1). In the representation with basis states { } 00 , 01 , 10 , 11 , the density operator for the system under consideration in thermal equilibrium can be worked out to be ( )
with ( ) 
quantum discord (QD) is given as [8] [ ] 
where k λ being the four eigenvalues of the density matrix ρ and ( ) (
log 1 log 1 . Γ Ο = −Ο Ο − − Ο − Ο As the density matrix of our system ρ in Equation (2) is X states, quantum discord can be evaluated by substituting from Equation (2) into Equation (5) 
Discussion
In the following study, we are going to use the obtaining results in the previous section to illustrate the effect of the temperature T, DM interaction D, homogenous magnetic field B and the anisotropy parameter Δ on the quantum discord numerically. In Figure 1 , the quantum discord is plotted as a function of the thermal equilibrium temperature T and homogenous magnetic field B. It is shown that the decay of quantum discord occurs when the temperature T is increased. On the other hand, as DM interaction D is increased the quantum discord is increased and large amount of quantum discord can be obtained, as well as when B is increased the quantum discord is decreased, but with larger values of D the decreasing rate is smaller. Now we check the effect of homogenous magnetic field B on quantum discord. The quantum discord as a function of magnetic field B is plotted in Figure 2 . It is interesting to see that the quantum discord is symmetrical about B. Moreover, by the contrast on Figure 2 (a) and Figure 2(b) , one find that the more (DM) interaction D will result in wider quantum discord and the longlived maximum discord is more pronounced. Also as T is increased the local maximum of the quantum discord is decreased. In Figure 3 , the influence of Dzyaloshinskii-Moriya interaction D on quantum discord is numerically considered. By the comparison among Figure 2 and Figure 3 , one find it is different that realizing quantum discord by adjusting B from adjusting D. The former can make the quantum discord converted from zero to a fixed value then to zero whereas the latter make quantum discord converted from zero to a fixed value. Obviously, it is easier to realize the continuous change of homogenous magnetic field B than the continuous change of (DM) interaction D, so it is more practical realizing quantum discord by modeling homogenous magnetic field B. The size dependence of quantum discord for anisotropy parameter Δ is plotted in Figure 4 . One can see for the quantum- 
Conclusion
In this paper, we have studied the quantum discord of a two-qubit anisotropy XXZ Heisenberg chain under Dzyaloshinskii-Moriya (DM) interaction and homogeneous magnetic field. Our study shows that the quantum discord decreases asymptotically to zero when temperature T increases. For low temperature, the quantum discord is found and it is closely related to Dzyaloshinskii-Moriya (DM) interaction D and homogeneous magnetic field B. By controlling the values of D and B, one can change the phase transition points. As well as, for the anisotropy parameter Δ, there exists critical anisotropy Δ c . When the system's anisotropy exceeds the critical value, the quantum discord tends to local maximum value.
